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We have identified aqueous:acetonitrile solutions of alkali–metal trifluoroacetate compounds
as tune/calibration standards for both positive- and negative-ion electrospray ionization mass
spectrometry (ESI/MS). Each alkali–metal trifluoroacetate solution in water and acetonitrile
(50:50, v/v) yields evenly spaced, singly charged peaks in the mass range of 100–3500 Da.
Intense peaks are formed either by infusing the solution using a syringe pump, by infusing the
solution into a stream of liquids [such as a high-performance liquid chromatography (HPLC)
mobile phase] flowing to the electrospray needle, or by injecting the salt-containing solution
into an HPLC mobile phase containing trifluoroacetic acid. The advantages of these com-
pounds include: (i) generation of singly charged ions in both positive and negative ionization
modes in the mass range of approximately 100–3500 Da, (ii) formation of evenly spaced peaks
with similar intensity across the entire mass range, (iii) the most abundant isotope in each mass
cluster is the lowest mass peak (monoisotopic mass), which is free from variation in natural
isotope distribution, (iv) commercial availability, (v) they easily dissolve in common liquid
chromatography solvents, and (vi) lack of any long-lasting memory effects or background
problems. (J Am Soc Mass Spectrom 1998, 9, 977–980) © 1998 American Society for Mass
Spectrometry
The rapid development of electrospray ionizationmass spectrometry (ESI/MS) has been accompa-nied by the use of a wide variety of tune/
calibration compounds. These compounds may be di-
vided into high molecular weight compounds bearing
multiple charges and low molecular weight compounds
bearing single charges. The average masses of the
multiply protonated peaks of proteins (for example,
myoglobin) and monoisotopic masses of multiply pro-
tonated mixtures of peptides are among such high
molecular weight compounds used as calibration/ref-
erence compounds [1]. At this time, however, there are
no universally accepted sets of peptides published that
can be used as calibration compounds. Low molecular
weight singly charged compounds such as cluster ions
of water [2–6] as well as polyethylene glycol (PEG) and
its salt adducts [7, 8] have also been reported for
calibration of ESI-generated mass spectra. For example,
Larsen and McEwen were successful in using PEG and
polytetramethylene ether glycol (PTMEG) in some ap-
plications [9], and Cody et al. used poly(ethylene ox-
ide)s, and poly(propylene oxide)s and their sulfates
[10]. In addition, Anacleto et al. introduced the use of
alkali metal salts in aqueous acetonitrile to form alkali
metal salt clusters [11]. Despite the usefulness of these
compounds in certain situations, no one compound has
shown adequate performance as a calibration com-
pound in both positive and negative ionization modes
under a wide mass range [12]. Recently, we introduced
Ultramark 1621 (a mixture of fluorinated phosphazines)
as a tune/calibration compound for positive- and neg-
ative-ion electrospray ionization mass spectrometry
[12]. The main advantages of Ultramark 1621 as a
tune/calibration compound included (i) generation of
ions in both positive and negative ionization modes in
the mass range of approximately 900–2200 Da, (ii)
separation of peaks by approximately 100 Da, which
reduces interference between peaks of interest, (iii) the
most abundant isotope in each mass cluster is the
lowest mass peak, which is free from variation in
natural isotope distribution, and (iv) commercial avail-
ability [13]. However, during the last 4 years it has
become clear that despite its usefulness, Ultramark 1621
has several disadvantages. These include its strong
adsorption on a variety of surfaces, which causes long-
lasting memory effects and background problems.
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Moreover, since Ultramark 1621 does not easily dis-
solve in common solvents used in electrospray ioniza-
tion (such as water, methanol, and acetonitrile), once it
contaminates an area it is difficult to remove using these
or other solvents. It also has a limited mass range
coverage, lacking reference peaks below a mass of
approximately 900 Da and above 2200 Da. Researchers
dealing with samples containing compounds with mo-
lecular weights outside the useful range had to mix
Ultramark 1621 with several lower and higher molecu-
lar weight compounds in order to cover the mass range
of interest, a process that is both labor intensive and
time consuming.
Most modern mass spectrometers have automatic
tuning (autotune) capability. Under autotune operation,
which may last 30–60 min, a tune/calibration solution
is continuously infused directly into the electrospray
needle or into the high-performance liquid chromatog-
raphy (HPLC) mobile phase (postcolumn, or post-UV
detector if present) flowing into the ESI needle while
the mass spectrometer is being tuned and calibrated.
Therefore, the existence of stable and strong peaks
throughout the entire mass range is essential for suc-
cessful completion of the tune/calibration process. In
addition, because the inlet and the analyzer of the mass
spectrometer are in contact with these compounds for
an extended period of time, it is important that these
compounds do not leave any long-lasting memory
effects, a property that has been the major disadvantage
of Ultramark 1621. The search for an alternative to
Ultramark 1621 has led us to a new class of tune/
calibration compounds that have all the advantages of
Ultramark 1621 without its disadvantages.
Experimental
Electrospray ionization experiments were performed on
an LCQ (Finnigan MAT, San Jose, CA) ion-trap mass
spectrometer (LCQ-MS). The spectra reported here
were obtained by infusing the solutions at a flow rate of
5 mL/min with the syringe pump built onto the LCQ.
The ESI source parameters were optimized for each
type of sample introduction. For the infusion experi-
ment, the optimized ion source values were as follows:
spray voltage, 5 kV (25 kV for negative ions); nitrogen
sheath gas, 50 psi; nitrogen auxiliary gas, 10 psi; heated
capillary, 200 °C (standard operating temperature); cap-
illary voltage, 5 V (25 V for negative ions); and tube
lens voltage, 5 V (25 V for negative ions). The naviga-
tor software (Finnigan, Version 1.1) used to acquire
data in this study had both low-mass (50–2000) and
high-mass (100–4000) modes of operation. However, at
this stage of its development, under the high-mass
mode of operation, the resolution of the instruments
degraded and some anomalies were observed when the
entire mass range (100–4000) was scanned. Therefore,
under high-mass mode, the instrument was operated in
the 1000–3500 mass range, even though the peaks of
this compound extended beyond this range. In both
scan range modes the mass spectrometer was operated
using three microscans with a maximum ion injection
time of 200 ms (default values). Although the data
presented were obtained using a Finnigan MAT LCQ,
similar results were obtained using a Finnigan MAT
TSQ 700 with an in-house fabricated ESI source [14].
However, the concentration of sodium trifluoroacetate
(STFA) at which comparable data was obtained was
five times higher.
Sodium hydroxide, potassium hydroxide, cesium
hydroxide, and sodium acetate were purchased from
Sigma (St. Louis, MO). Trifluoroacetic acid (TFA) was
supplied by Fisher Scientific (Pittsburgh, PA). HPLC-
grade acetonitrile and water were obtained through
VWR (South Plainfield, NJ).
Preparation of the aqueous:acetonitrile solution of
STFA was as follows. First, a 0.1% by volume stock
solution of TFA in water and a 10 mmol/L solution of
sodium hydroxide were prepared. Next, the 0.1% TFA
solution was titrated to a pH of 3.5 with the sodium
hydroxide, and this solution was diluted to 50% by
volume in acetonitrile. The optimum pH range is be-
tween 3 and 4. To prepare any other alkali–metal
solution, TFA is simply titrated with the appropriate 10
mmol/L alkali–metal hydroxide solution.
To confirm the chemical composition of the peaks,
chemical ionization (CI) was also performed on the
STFA solution using a ZAB2-E (Micromass, Manches-
ter, UK) high-resolution mass spectrometer. The STFA
solution sample was introduced into the ZAB using a
direct insertion probe. Peaks with mass-to-charge ratios
equal to the ESI-generated peaks (up to a mass-to-
charge ratio of approximately 1000) were observed in
both positive and negative chemical ionization modes
(see Table 1). The chemical compositions of several
peaks in both positive- and negative-ionization modes
were confirmed with accuracies of better than 3 ppm.
A Varian 9100 (Walnut Creek, CA) HPLC system
was used for flow injection sample introduction using a
5 mL loop. When the STFA solution was infused into the
HPLC liquid stream leading to the ESI needle, the
HPLC flow at the “tee” (Upchurch Scientific, Oak
Harbor, WA) was approximately 100 mL/min, whereas
the STFA solution was infused at a rate of 10 mL/min.
Results and Discussion
Figure 1 (A and B) shows the single-scan mass spectra
in positive- and negative-ion electrospray ionization
modes of the aqueous:acetonitrile solution of STFA in
the range of 1000–3500 Da (100–2000 Da, insets). The
chemical formulas corresponding to the peaks in the
positive- and negative-ion modes are [(CF3COONa)nNa]
1
and [(CF3COONa)nCF3COO]
2, respectively. The calcu-
lated masses of these compounds are listed in Table 1.
As is shown in Figure 1, the STFA solution produces
strong singly charged peaks in both ionization modes
suitable for both manual and automatic tuning and
calibration across the entire mass range. For both ion-
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ization modes, the peaks are spaced 136 Da
(CF3COONa) apart with the initial peak appearing at
159 Da (n 5 1) for positive-ion mode and 249 Da (n 5
1) for negative-ion mode. Similar results were obtained
for potassium trifluoroacetate and cesium trifluoroac-
etate solutions. Both these solutions also produced
singly charged peaks over a large mass range, up to
4000 Da. For the cesium trifluoroacetate solution, the
peak spacing was 246 Da (CF3COOCs), whereas for the
potassium trifluoroacetate solution the peak spacing
was 152 Da (CF3COOK). Overall, the best results were
obtained with the STFA solution.
Results comparable to the STFA solution were also
obtained with a sodium acetate solution, with peak
spacing of 82 Da (CH3COONa) in the mass range of
approximately 100–4000 Da. Sodium acetate may be
the compound of choice for researchers who prefer not
to introduce trifluoroacetic acid into their mass spec-
trometers. However, trifluorocompounds are especially
advantageous at high-mass ranges (up to approxi-
mately 6000 Da), where the monoisotopic peak (the
lowest-mass peak) of STFA is the most abundant iso-
tope in each mass cluster and is free from variation in
natural isotope distribution [9].
Another important characteristic of these calibration
compounds is that they leave no background. After a
sample of an aqueous:acetonitrile solution of STFA had
been infused into the LCQ mass spectrometer for more
than an hour at flow rates of 5–10 mL/min, the system
was completely clean of peaks due to STFA following
three rinses with water (250 mL syringe) and then three
rinses with acetonitrile:water (50:50, v/v). This is an
important advantage over Ultramark 1621, which stays
in the system for days.
Although the spectra presented here were obtained
by directly infusing the solution of these compounds
into the ESI needle, similar results were also obtained
when these compounds were infused into the stream of
HPLC mobile phase flowing into the ESI needle. This
method of sample introduction is used when the mass
spectrometer is tuned and calibrated with the HPLC
on-line. The results of this study clearly demonstrate
the advantages of a solution of STFA as a tune/
calibration standard.
Table 1. Elemental compositions and calculated masses of
sodium trifluoroacetate ion clusters by electrospray ionization
under positive-ion ([(CF3COONa)nNa]
1) and negative-ion
([(CF3COONa)nCF3COO]
2) modes
n
Positive-ion
calculated mass
Negative-ion
calculated mass
1 158.96458* 248.95985*
2 294.93939* 384.93466*
3 430.91420* 520.90947*
4 566.88900* 656.88427*
5 702.86381* 792.85908*
6 838.83862* 928.83389*
7 974.81343* 1064.80870
8 1110.78824* 1200.78351
9 1246.76305* 1336.75832
10 1382.73786 1472.73313
11 1518.71267 1608.70794
12 1654.68747 1744.68274
13 1790.66228 1880.65755
14 1926.63709 2016.63236
15 2062.61190 2152.60717
16 2198.58671 2288.58198
17 2334.56152 2424.55679
18 2470.53633 2560.53160
19 2606.51114 2696.50640
20 2742.48594 2832.48121
21 2878.46075 2968.45602
22 3014.43556 3104.43083
23 3150.41037 3240.40564
24 3286.38518 3376.38045
25 3422.35999 3512.35526
26 3558.33480 3648.33007
27 3694.30961 3784.30487
28 3830.28441 3920.27968
29 3966.25922 4056.25449
*Peaks marked with asterisks were also observed under chemical
ionization mode using a direct insertion probe.
Figure 1. Single-scan ESI mass spectra of the aqueous:acetoni-
trile solution of sodium trifluoroacetate in the range of 1000–3500
Da (100–2000 Da, insets) in positive-ion (A) and negative-ion (B)
modes. The peak numbers refer to the index n of the positive- or
negative-ion clusters, as given in Table 1.
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